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OPTICAL MODULE AND OPTICAL COMMUNICATION SYSTEM 



BACKGROUND OF THE INVENTION 

1) Field of the Invention 

5 The present invention relates to an optical module and an 

optical communication system that can reduce an insertion loss in an 
optical transmission path. 

2) Description of the Related Art 

10 A conventional technology has been disclosed in, for example, 

Japanese Patent Application Laid-open No. 2003-163406. Fig. 20 
illustrates how a conventional optical module 300 is mounted. 
Precisely, the optical module 300 is arranged between optical fibers 301 
and 302. The optical module 300 includes lenses 303 and 304, an 

15 optical device 305, end portions of the optical fibers 301 and 302. The 
optical device 305 may be an optical modulator, an optical switch, or a 
directional optical coupler, having an optical waveguide. 

The optical fiber 301 guides light to the optical device 305. 
Thus, the optical fiber 301 is provided on the "input side". An output 

20 plane 301a of the optical fiber 301 is optically coupled with an input 
plane 300a of the optical device 305 via the lens 303. 

The optical fiber 302 guides light away (or outputs) from the 
optical device 305. Thus, the optical fiber 302 is provided on the 
"output side". An input plane 302a of the optical fiber 302 is optically 

25 coupled with an output plane 300b of the optical device 305 via the lens 



304- 

The light output from the output plane 301a of the optical fiber 
301 is collected by the lens 303 and input to the input plane 300a of the 
optical device 305, and propagates in the optical waveguide (not 
5 shown) in the optical device 305. 

The light output from the output plane 300b of the optical device 
305 is collected by the lens 304 and input to the input plane 302a of the 
optical fiber 302, and propagates in the optical fiber 302. 

The insertion loss when the optical module 300 is inserted 
10 between the optical fiber 301 and the optical fiber 302 is expressed by 
the following equation (1): 

Insertion loss = (coupling loss) + (loss in optical device) ... (1). 
In equation (1), the coupling loss stands for a sum of a loss 
accompanying optical coupling between the output plane 301a of the 
15 optical fiber 301 and the input plane 300a of the optical device 305, and 
a loss accompanying optical coupling between the output plane 300b of 
the optical device 305 and the input plane 302a of the optical fiber 302. 
The loss in optical device stands for a loss when the light propagates in 
the optical device 305. 
20 Conventionally, the optical device 305 is made from lithium 

niobate. Lithium niobate has an advantage in that the coupling loss is 
as low as about 0.5 decibel, though increasing the size of the optical 
device 305, as compared with an optical device comprising a 
semiconductor. 

25 The insertion loss of the lithium niobate optical device 305 is a 



sum of the coupling loss (about 0.5 decibel) and a loss in the optical 
device (about 0.5 decibel), which is about 1.0 decibel. 

Recently, the optical device 305 is made from a semiconductor, 
instead of lithium niobate, in response to demands for a small and thin 
5 optical module 300 (optical device 305). 

It is advantageous to use the semiconductor in that the optical 
device 305 (optical module 300) can be made small and thin, as 
compared with the lithium niobate optical device, but has a 
disadvantage in that the coupling loss reaches about 5.0 decibels. 

10 When the optical device 305 is made from the semiconductor, the 
insertion loss of the optical module 300 is a sum of the coupling loss 
(about 5.0 decibels) and the loss in the optical device (about 0.5 
decibel), which reaches about 5.5 decibels. 

In other words, if the optical device 305 is made of a 

15 semiconductor, there is a problem in that the insertion loss increases by 
about 5.0 decibels. The reason being, as the size becomes small, the 
optical mode size in the optical waveguide of the optical device 305 
becomes smaller than that of the lithium niobate optical device, and 
hence a loss at the time of optical coupling increases. 

20 The optical mode size refers to a half of the width when an 

electric field reaches the maximum value, 1/e, if it is assumed that the 
electric field distribution in the optical waveguide (including the optical 
fiber) is Gaussian. 

25 SUMMARY OF THE INVENTION 
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It is an object of the present invention to solve at least the 
problems in the conventional technology. 

An optical module, which is arranged in an optical transmission 
path, according to one aspect of the present invention includes an 
5 optical amplifying unit configured with a semiconductor, wherein the 
optical amplifying unit amplifies light input from the optical transmission 
path; and an optical element configured with a semiconductor, wherein 
the optical element propagates the light amplified by the optical 
amplifying unit to the optical transmission path. 
10 An optical communication system according to another aspect of 

the present invention includes the optical module according to the 
above-mentioned aspect. 

The other objects, features and advantages of the present 
invention are specifically set forth in or will become apparent from the 
15 following detailed descriptions of the invention when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates an optical communication system according to 
20 a first embodiment of the present invention; 

Fig. 2 is a perspective of a semiconductor optical amplifying 

section; 

Fig. 3 is a plan view of a reverse delta beta type directional 
coupler modulator; 
25 Fig. 4 is a plan view of another reverse delta beta type 
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directional coupler modulator; 

Fig. 5 a plan view of a directional coupler modulator; 

Fig. 6 is a cross section taken along line 3A-3A in Fig. 5; 

Fig. 7 is a plan view of another directional coupler modulator; 
5 Fig. 8 illustrates a cross section of still another directional 

coupler modulator; 

Fig. 9 is a plan view of the directional coupler modulator in Fig. 

8; 

Fig. 10 illustrates a cross section of still another directional 
10 coupler modulator; 

Fig. 11 illustrates a cross section of still another directional 
coupler modulator; 

Fig. 12 is a plan view of still another directional coupler 
modulator; 

15 Fig. 13 is a plan view of still another directional coupler 

modulator; 

Fig. 14 is a plan view of still another directional coupler 
modulator; 

Fig. 15 is a perspective of still another directional coupler 
20 modulator; 

Fig. 16 is a plan view of still another directional coupler 
modulator; 

Fig. 17 is a plan view of still another directional coupler . 
modulator; 

25 Fig. 18 illustrates an optical communication system according to 



a second embodiment of the present invention; 

Fig. 19 is a plan view of an electrical insulator; and 
Fig. 20 illustrates a conventional optical module. 



5 DETAILED DESCRIPTION 

Exemplary embodiments of the optical module and the optical 
communication system according to the present invention will be 
explained in detail, with reference to the drawings. 

Fig. 1 illustrates an optical communication system according to 

10 a first embodiment of the present invention. In this figure, those parts 
that perform same or similar functions or have same or similar 
configuration as the parts shown in Fig. 20 have been provided with like 
reference signs. Thus, the optical communication system according to 
a first embodiment is different from the conventional optical 

15 communication system shown in Fig. 20 in that it includes an optical 
module 400 instead of the optical module 300. 

The optical module 400 is arranged between the optical fiber 
301 and the optical fiber 302. The optical module 400 includes a 
semiconductor optical amplifying section 410, an optical device 430, the 

20 lenses 303 and 304, the end portions of the optical fibers 301 and 302. 
The semiconductor optical amplifying section 410 is provided on the 
input side and it amplifies light input to the input plane 410a from the 
output plane 301a of the optical fiber 301 via the lens 303. The 
semiconductor optical amplifying section 410 is capable of changing the 

25 gain, for example, anywhere between 0 and 15 decibels or even more. 



For example, when it is assumed that the gain of the semiconductor 
optical amplifying section 410 is about 5.5 decibels, the insertion loss of 
the optical module 400 (about 5.5 decibels) can be compensated. 

Fig. 2 is a perspective of the semiconductor optical amplifying 
5 section 410 shown in Fig. 1. In this semiconductor optical amplifying 
section 410, an InP(n) lower cladding layer 412 is formed on an lnP(n+) 
substrate 411 . 

An active layer 413 having a substantially rectangular section is 
formed on the lower cladding layer 412. The semiconductor optical 

10 amplifying section 410, which is formed so as to cover the active layer 
413, has a laminated structure comprising an InP(p) upper cladding 
layer 414, a contact layer 415, an InP(p) buried layer 416, and an 
InP(n) buried layer 417. 

An upper electrode 419 is formed on the upper face of the 

15 laminated body 418. On the other hand, a lower electrode 420 is 

formed on the bottom face of the laminated body 418. The DC control 
section 421 is connected to the upper electrode 419 and the lower 
electrode 420, for injecting a DC current I in the forward direction from 
the upper electrode 419. 

20 Referring again to Fig. 1, the optical device 430 is an optical 

modulator, an optical switch, or a directional optical coupler, having an 
optical waveguide, and is provided on the output side of the optical 
module 400. The light amplified by the semiconductor optical 
amplifying section 410 is input to the optical device 430. Further, the 

25 light output from the output plane 430a of the optical device 430 is input 



to the input plane 302a of the optical fiber 302. 

The semiconductor optical amplifying section 410 and the 

optical device 430 both comprise a semiconductor, and constitute the 

optical module 400. 
5 The light output from the output plane 301a of the optical fiber 

301 is collected by the lens 303, and input to the input plane 410a of 

the semiconductor optical amplifying section 410. As a result, since ^ 

the DC current in the forward direction is injected from the DC control 

section 421 shown in Fig. 2, the light input to the input plane 410a is 
10 amplified while propagating through the active layer 413 of the 

semiconductor optical amplifying section 410, and input to the optical 

device 430 shown in Fig. 1 . 

The configuration of an optical shutter may be used, in which a 

DC current I in the reverse direction (or a DC current I in the forward 
15 direction and not larger than a predetermined value) is injected by the 

DC control section 421, to attenuate the light propagating through the 

active layer 413. 

The light propagates in the optical waveguide (not shown) of the 

optical device 430, and after being output from the output plane 430a, 
20 is collected by the lens 304 and input to the input plane 302a of the 

optical fiber 302, and propagates in the optical fiber 302. 

The insertion loss when the optical module 400 is inserted 

between the optical fiber 301 and the optical fiber 302 is expressed by 

the following equation (2): 
25 Insertion loss = (coupling loss) + (loss in optical device) - (gain) ... (2). 



In equation (2), the coupling loss stands for a sum of a loss 
accompanying optical coupling between the output plane 301a of the 
optical fiber 301 and the input plane 410a of the semiconductor optical 
amplifying section 410, and a loss accompanying optical coupling 
5 between the output plane 430a of the optical device 430 and the input 
plane 302a of the optical fiber 302, and is about 5.0 decibels. The loss 
in optical device stands for a loss when the light propagates in the 
optical device 430, and is about 0.5 decibel. The gain stands for 
optical amplification gain in the semiconductor optical amplifying 
1 0 section 410, and is changed in a range of from 0 to 1 5 decibels or even 
more. 

When it is assumed that the gain of the semiconductor optical 
amplifying section 410 is 5.5 decibels, the insertion loss becomes about 
0 decibel ((about 5.0 decibels) + (about 0.5 decibel) - (about 5.5 
15 decibels)). That is, the insertion loss is completely compensated. 
Further, by making the gain of the semiconductor optical amplifying 
section 410 higher than 5.5 decibels, a gain of not smaller than several 
decibels in total of the optical module 400 can be obtained. 

Specific examples of the optical device 430 shown in Fig. 1 will 
20 be explained with reference to Figs. 3 to 16. 

Fig. 3 is a plan view of a reverse delta beta type directional 
coupler modulator 2 as a specific example of the optical device 430. 
In the reverse delta beta type directional coupler modulator 2, the 
incident light amplified by the semiconductor optical amplifying section 
25 410 is input to the optical waveguide 18. 



The delta beta type directional coupler modulator 2 includes a 
pair of waveguides 10, 11 having mutually parallel electrodes 12, 13, 14, 
15 in sufficient proximity for delta-beta switched directional coupling. 
To operate such a device, two electrical modulation signals from 
5 sources 16, 17 with opposite signs are required. 

For L larger than the coupling length of the directional coupler 
and shorter than three times the coupling length, cross state and bar 
state are obtained for specific applied voltages Vc and Vb. 

In the cross state, when the bias voltage is Vc, the input light 
10 (optical radiation) of upper waveguide 18 is split into an upper and 
lower waveguides 10 and 11 at the end of what is the first directional 
coupler with 50% of input power distributed to each. Then by the 
reciprocity of reverse delta-beta type directional coupler modulator, the 
output light (optical radiation) comes out from only the lower waveguide 
15 19 at the end of what is the second directional coupler. 

In the bar state, when the bias voltage is Vb, the input light of an 
upper waveguide 18 propagates only to the upper waveguide 20 at the 
end of the second directional coupler because of a larger phase 
mismatch. Accordingly both cross and bar state can be controlled 
20 completely by signal voltages with a wide fabrication tolerance of the 
structural parameters. 

Fig. 4 is a plan view of a reverse delta beta type directional 
coupler modulator 4 as another specific example of the optical device 
430. The modulation signal is supplied by one signal generator 21, 
25 and terminates at the load 22. 



In order to apply opposite sign signals for a first directional 
coupler 23 and a second 24 directional coupler, the traveling-wave 
electrodes 25, 26 must be bent and crossed at the center 5 as shown in 
Fig. 2. It is also strongly desired to completely isolate the first and 
5 second directional coupler electrically to obtain efficient phase 
mismatches. 

Fig. 5 is a plan view of a directional coupler modulator 100 as 
still another specific example of the optical device 430. Fig. 6 is a 
cross section taken along line 3A-3A in Fig. 5. 

10 The optical modulator formed of optical waveguides 32, 33 

includes a section defined as a first directional coupler 27, a section 
defined as a cross waveguide 28 and a section defined as a second 
directional coupler 29. Each directional coupler is of the delta beta 
type having two waveguides with a specific desired coupling length. 

15 The two optical waveguides 32, 33 cross one another at central 

segments 43, 44 corresponding to the cross waveguide 28 as shown in 
Fig. 5. Specifically, the upper output port at 45 of the first directional 
coupler 27 is connected to the lower input port at 48 of the second 
directional coupler 29. Similarly, the lower output port of the first 

20 directional coupler 27 at 49 is connected to the upper input port at 51 of 
the second directional coupler 29. In this central region, the two 
waveguide segments 43, 44 do not work as a directional coupler. The 
traveling-wave electrodes 30, 31 do not have any bending or crossing. 
The two traveling-wave electrodes 30, 31 are connected directly with no 

25 loss. The first directional coupler 27 has electrodes 39 and 40, the 



second directional coupler 29 has electrodes 41 and 42. 

The optical directional modulator 100 can control both cross and 
bar states by an input voltage signal like a conventional reverse delta 
beta type directional coupler modulator. There is no need to use two 
5 input signals with opposite polarities. It should also be noted that the 
invention allows for one input signal drive and a traveling-wave 
electrode configuration. 

The optical directional modulator 100 operates as follows. With 
transmission, an electric field is applied to the electrodes 39, 40, 41 , 42 

10 on the directional coupler waveguide through a set of air-bridges 63, 64, 
163, 164 to attain a delta-beta operational mode. However, in this 
state, the polarities of the first and second directional coupler 
modulators are the same (which differs from the conventional reverse 
delta-beta type directional coupler modulator). When the total length 

15 of the first and second directional coupler is larger than the coupling 
length of the directional coupler and shorter than three times the 
coupling length, path switching can be achieved effectively. At the 
bias voltage of Vb for low phase mismatches, the input light of an upper 
waveguide 34 is split into the upper and lower waveguides at the end of 

20 the first directional coupler, each with 50% input power. By adopting a 
cross waveguide 28 showed in Fig. 5, electrical signal polarities of the 
first and second directional coupler 27, 29 can be kept the same. This 
invention eliminates RF signal crossing, and improves RF performance. 
In the present modulator, the output light moves only in the upper 

25 waveguide 35 at the bias voltage of Vb. On the other hand, when the 



bias voltage is Vc, the input light of an upper waveguide 34 returns only 
to the upper waveguide at the end of the first directional coupler 
because of a larger phase mismatch. After propagation of light in the 
crossing waveguide, the light propagates into the lower waveguide of 
5 the second directional coupler. In the second directional coupler, the 
bias voltage of Vc is also applied as shown in Fig. 5. Then the output 
light at the end of the second directional coupler returns to the lower 
waveguide 36. Accordingly both bar and cross states can be 
controlled completely by signal voltages with a wide fabrication 

10 tolerance of the structural parameters. 

It is preferable that, the lengths of the electrodes 39, 40, 41, 42 
as shown in Fig. 5 must be shorter than the wavelength of the electrical 
signal through the traveling-wave electrodes 30, 31, because longer 
electrodes seriously affect the traveling-wave characteristics and induce 

15 a large amount of transmission loss. 

Fig. 7 is a plan view of a directional coupler modulator 102, 
which solves such a problem, as another specific example of the optical 
device 430. 

The electrodes are divided and electrically connected to each 
20 directional coupler as shown in the figure as two sets of triple segments 
43, 44 and 45, 46. Each electrode segment is connected to outer 
traveling-wave electrode strips 47, 48 independently through an 
air-bridge 63, 64. 

An electrical drive signal from the signal generator 49 is applied 
25 to the input port of each of the traveling-wave electrodes 47, 48 and 
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then is propagated to each electrode 43, 44, 45, 46 through the 
respective traveling-wave electrode 47, 48 and the air-bridge 63, 64. 
The electrical signal is terminated by a load resistance 50. 

The optical waveguide topology is the same as in Fig. 5. The 
5 first directional coupler 51 , the cross waveguide region 52, and the 
second directional coupler 53 are cascade connected. 

Thus, incident light coupled to the input waveguide 54 is 
switched to the output waveguide 55 or 56 by the input signal voltage. 

This configuration leads to a low loss electrical transmission 
10 where the modulator is long compared to the wavelength of the signal 
of interest. Input impedance can be maintained to a desired value 
(typically 50 ohm) even for a longer modulator, based on a similar 
configuration. 

Fig. 8 is a cross section of a directional coupler modulator 104 
15 as still another specific example of the optical device 430. Fig. 9 is a 
plan view of the directional coupler modulator in Fig. 8. 

The optical waveguide employs a ridge waveguide structure. 
An N-cladding layer 57, an intrinsic core (hereinafter, "l-core") layer 58, 
and a P-cladding layer 59 which serves as an electrode are disposed on 
20 a substrate 60. The electrical signals are fed from the traveling-wave 
electrodes 30, 31 through air bridges 63, 64 to the P-cladding layer. 
The air bridge structure allows the drive voltage to be minimized by 
keeping the electric field well confined within the l-type region, and the 
N-type layer is preferably kept completely floating to both the outer 
25 electrodes for DC-bias. The electrode is separated from the N-type 



layer and is coupled directly to the P-type layer. Although an 
insulating layer could be used instead of an air bridge, the thickness 
would need to be much greater than is suited to the selected 
semiconductor fabrication process. For this reason the air bridge 
5 structure is preferred. The optical beams represented by regions 65 
are confined in the l-core layer 58 by the higher refractive index in the 
structure of layer 58, but they can couple with the adjacent waveguide 
through the N-cladding layer 57. On the other hand, a microwave 
signal from the traveling-wave electrodes 30, 31 fed by the air-bridges 

10 63, 64 is concentrated only in the l-core layer 58 of each waveguide by 
the P-l-N structure. Thus, an overlap between the optical intensity and 
microwave signal intensity in the l-core layer increases and reduces the 
drive voltage as the coupling length is adjusted. 

Fig. 10 is a modification of the structure of Fig. 8 in a further 

15 embodiment in which there is no ridge structure. 

The ridgeless structure involves a common l-core layer 58 
extends across and upon the common N-cladding layer 57. Removal 
of the portion of the l-core layer 58 between the bridges is not 
necessary. Furthermore, the optical coupling occurs directly in this 

20 layer. It is to be noted that the coupling strength between the two 
waveguides can be specified by defining the separation between the 
two waveguides. Optical confinement in the l-core layer 58 can be 
kept quite large. 

Fig. 11 is a cross section a directional coupler modulator 106 as 
25 still another specific example of the optical device 430. 



The directional coupler modulator 106 has a 
buried-hetero-structure (BH) waveguide structure. An N-cladding layer 
66, an l-core layer 67 and a P-cladding layer 68 are deposited on the 
substrate 60. The side regions of the l-core layer are completely 
5 buried by a semi-insulating cladding layer 70. The electrical signals 
are fed from the traveling-wave electrodes 71 , 72 through the 
air-bridges 73, 74. The optical beam represented by regions 75 is 
confined in the l-core layer 67 by the higher refractive index in the 
structure 67, and it can couple with the adjacent waveguide through the 

10 semi-insulating buried cladding layer 70. 

On the other hand, a microwave signal from the traveling-wave 
electrodes 71 , 72 fed by the air bridges 73, 74 concentrate only in the 
l-core layer 67 of each waveguide by the P-l-N structure and buried 
layers. Thus, an overlap between the optical intensity and micro-wave 

15 signal intensity in the l-core layer increases and reduces the drive 

voltage while the coupling length is adjusted by changing the separation 
of the pair of optical waveguides. 

Compared with the ridge waveguide structure, the BH optical 
waveguide structure is more complicated, but it exhibits optically a 

20 lower insertion loss due to tight light confinement. 

Fig. 12 is plan view of a directional coupler modulator 108 as 
still another specific example of the optical device 430. A cross-state 
directional coupler 76 is used instead of an actually crossing optical 
waveguide, as an optical cross waveguide. The arrow in the figure 

25 indicates the cross state. The cross-state directional coupler 76 is 
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constituted of a pair of optical waveguides arranged in parallel with and 
close to each other, so as to generate cross-state directional coupling. 

It is noted that the separation of the pair of waveguide segments 
is reduced compared to the waveguides in the first or second directional 
5 coupler regions. This structure leads to a shorter coupling length and 
provides a more compact modulator. 

Fig. 13 is a plan view of a directional coupler modulator 110 as 
still another specific example of the optical device 430. A 2x2 
Multi-Mode-Interference (MMI) coupler 77 is employed with two input 

10 ports 121 , 122 and two output ports 123, 124. By choosing a width W 
and a length L for the 2x2 MMI coupler 77, mirrored images can be 
obtained at opposite waveguides as described by Dr. L. B. Soldano et 
al., "Optical Multi-Mode Interference Devices Based on Self-Imaging: 
Principles and Applications" Journal of Lightwave Technology, vol. 13, 

15 No. 4, pp. 615-627, April 1995. Thus using the same layered structure 
of the directional coupler region, a simple crossover waveguide can be 
built into a chip. 

Fig. 14 is a plan view of a directional coupler modulator 112 as 
still another specific example of the optical device 430. 

20 A simple X type cross waveguide 80 and bending waveguides 

81, 82 are used in the coupling region. In this structure, a wavelength 
independent cross waveguide is obtained using a relatively simple 
structure, since it is not necessary to control precisely the waveguide 
structural parameters required for directional couplers and 2x2 MMI . 

25 couplers. 



Fig. 1 5 is a perspective (not to the scale) of a directional coupler 
modulator 114 as still another specific example of the optical device 430. 
Traveling-wave transmission is significantly affected by the interaction 
of each electrode on the optical waveguide. To maintain good 
5 traveling-wave transmission characteristics, one can eliminate the 

interaction of those electrodes. When the isolation is not enough, the 
backward transmission is easily induced and degrades the electrical 
return loss. This suggests that each electrode should be isolated 
electrically. 

10 P-clad layers 83, 84 are disposed only under electrodes 131, 

132, 133, 134. Undesired P-clad layer material between the 
electrodes on the optical waveguide is removed. Thus the current 
between the electrodes is well suppressed. As a result, the interaction 
otherwise originated by such a leakage current is avoided. 

15 On the other hand, an optical beam in l-core layers 85 and 86 

and the N-cladding 66 on the substrate 60 can propagate in this region 
without a large optical loss. 

Fig. 16 is a plan view of a directional coupler modulator 116 as 
still another specific example of the optical device 430. 

20 It is necessary to provide two directional couplers 87, 88 to 

operate as a delta-beta switched directional coupler. In each 
directional coupler, the magnitude of the refractive change of the 
waveguides should be the same and the polarity should be opposite. 
Thus the change in the electric field of the electro-optic l-core layer (not 

25 shown) should be controlled to obtain desired refractive index changes. 
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The change in the electric field can be induced by the electrodes 
39, 40, 41, 42 connected to outer traveling-wave electrodes 89, 90. 
However, the directional coupler modulator 116 is based on a P-l-N 
semiconductor structure and has a diode characteristic. 
5 A bias electrode 91 is deposited on an N+electrode layer 92, 

and this N+electrode layer 92 is also disposed below the whole optical 
waveguide. Therefore, the bias electrode 91 causes all waveguides to 
be in a negative bias region of a diode characteristic during the 
modulation mode. It should be noted that the voltage applied from the 
10 bias electrode is half of the RF input signal from the signal generator 93 
for the negative bias condition. 

Fig. 17 is a plan view of a directional coupler modulator 117 as 
still another specific example of the optical device 430. 

The directional coupler modulator 117 includes an attenuator 
15 200 on an output side of the structure shown in FIG. 16. 

The attenuator 200 includes optical waveguides 201, 202, 
electrode 203 deposited on a P-layer (not shown) of the optical 
waveguide 202, and the N+electrode layer deposited below the optical 
waveguides 201, 202. A variable DC power source 205 applies a 
20 voltage to the electrode 203. The length of the optical waveguide 202 
is, for example, an even multiple of coupling length (=7i/(2k)). 

When the voltage between the N+ electrode and the electrode 
203 is 0 volt, the light that propagates through the optical waveguide 
201 is output as it is. However, when the voltage is other than 0 volt, a 
25 portion of the light that propagates through the optical waveguide 201 is 



output from the optical waveguide 202. In other words, when the 
voltage is other than 0 volt, the light output from the optical waveguide 
201 is attenuated. The amount of attenuation depends on the voltage 
applied to the electrode 203. The voltage is applied in such a manner 
5 that the light output from the optical waveguide 201 suits with the 
requirement of the optical communications system (not shown) 
connected to the wavelength guide 201. 

Since the electrode 203 is separated from the optical waveguide 
201 , it does not cause any bad effect of the electrode 41 . In other 
10 words, the directional coupler modulator 117 has good modulation 
characteristics. 

The length of the optical waveguide 202 may be an odd multiple 
of coupling length. Moreover, as the light output can be controlled by 
controlling the voltage, the length of the optical waveguide 202 need 

15 not be an integer multiple of coupling length. Moreover, light may be 
output from the optical waveguide 202 instead of the optical waveguide 
201 . Furthermore, Fig 17 illustrates that the electrode 203 is provided 
in the top side but it may be provided on the bottom side. Moreover, 
light may be output from an optical waveguide 204, which is 

20 continuation of the optical waveguide 33, instead of the optical 

waveguide 201. Furthermore, the attenuator 200 may be provided on 
an input side of the structure shown in FIG. 1 6. According to the 
structure shown in Fig. 16, users can obtain two chirp parameters from 
one output port by simply changing the DC voltage. 

25 As explained above, according to the first embodiment, the light 



input from the optical fiber 301 is amplified by the semiconductor optical 
amplifying section 410, the amplified light is allowed to propagate and 
be output from the optical device 430 to the optical fiber 302. As a 
result, an insertion loss with respect to the optical transmission path 
5 (optical fiber) can be reduced. 

Moreover, a DC current in the reverse direction or a DC current 
in the forward direction and not larger than a predetermined value is 
injected by the DC control section 421 (see Fig. 2), to control the optical 
attenuation. Therefore, the optical module of the present invention can 

10 also serve as a valuable optical attenuator or an optical shutter. 

Fig. 18 illustrates an optical communication system according to 
a second embodiment of the present invention. In this figure, those 
parts that perform same or similar functions or have same or similar 
configuration as the parts shown in Fig. 1 have been provided with like 

15 reference signs. Thus, the optical communication system according to 
a second embodiment is different from the conventional optical 
communication system according to the first embodiment in that it 
includes an optical module 500 instead of the optical module 400. 
The optical module 500 includes an electrical insulator 510 

20 between the semiconductor optical amplifying section 410 and the 

optical device 430. The electrical insulator 510 electrically insulates 
but optically couples the semiconductor optical amplifying section 410 
and the optical device 430. 

Fig. 19 is a plan view of the electrical insulator 510. The 

25 electrical insulator 510 includes a pair of optical waveguides 511 and 



512 arranged in parallel with each other. The optical waveguide 
portion, in which the pair of optical waveguides is arranged in parallel 
with and close to each other so as to generate cross-state directional 
coupling, is a cross-state directional coupler 510a. 
5 The light amplified by the semiconductor optical amplifying 

section 410 is input to an input end 511a of the optical waveguide 511 , 
propagates through the optical waveguide 511, crosses at the 
cross-state directional coupler 510a, and propagates through the optical 
waveguide 512. The light output from an output end 512a of the 

10 optical waveguide 512 is input to the optical device 430. 

In the optical module according to the second embodiment, the 
electrical insulator 510 electrically insulates but optically couples the 
semiconductor optical amplifying section 410 and the optical device 430. 
Therefore, stable control can be performed independently with respect 

15 to the semiconductor optical amplifying section 410 and the optical 
device 430. 

The configuration of the semiconductor optical amplifying 
section 410 is not limited to that shown in Fig. 2. Any other 
configuration that can achieve similar optical amplification (optical 
20 attenuation) may be even be employed. 

According to the present invention, insertion loss of the optical 
transmission path can be reduced and the optical communications can 
be performed at higher speed. Moreover, the optical module can even 
posses a valuable optical attenuator or an optical shutter, the optical 
25 module can be manufactured with simpler method, and the optical 



module is small and compact. Moreover, leakage of current can be 
suppressed, and hence the interaction originated by such a leakage 
current can be avoided. The optical module can be used as a variable 
optical attenuator that attenuates light by a change of the refractive 
5 index, stable control can be performed independently with respect to 
the optical amplifying section and the optical device. 

Although the invention has been described with respect to a 
specific embodiment for a complete and clear disclosure, the appended 
claims are not to be thus limited but are to be construed as embodying 
10 all modifications and alternative constructions that may occur to one 
skilled in the art which fairly fall within the basic teaching herein set 
forth. 
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